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Abstract: A liquid anionic-zwitterionic surfactant-based aqueous two-phase extraction was developed and applied 
for the extraction of erythromycin. Erythromycin solubilization from aqueous to reverse micelle phase was studied. 
Zwitterion SB3-18 surfactant was added to ionic solution of bis(2-ethylhexyl) sulfosuccinate sodium salt (AOT) to 
form an organic mixed micellar phase. Erythromycin was then added to the mixtures and two clear phases were 
formed. The parameters affecting erythromycin solubilization including AOT concentration (20.0 ̶ 120.0 g/L), 
zwitterion concentration (6.0 ̶ 16.0 g/L), NaCl concentration (0.0 ̶ 25.0 g/L) and aqueous pH (6.0 ̶ 9.0) were 
investigated via statistical software. Solubilization of erythromycin into mixed reverse micelle could be easily 
evaluated by the measurement of erythromycin concentration in the organic phase. The results showed that AOT 
and zwitterion concentration governed the erythromycin solubilization by a factor of 4.562 based on the Pareto 
chart. 
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Introduction 
Erythromycin has an established niche as a macrolide 
antibiotic which is highly effective to cure a variety of 
pathogenic infections, preferable due to its low side-
effects. Often, it contributes in the development of 
second and third generation of semi-synthetic 
derivatives of erythromycin that further broaden its 
microbiological features as macrolide 
antibiotics.
1
Aclassic approach on producing 
erythromycin is by isolation from Saccharopolyspora 
through fermentation process.
2
Subsequently, 
erythromycin will undergo a series of purification 
steps from the fermentation broth, in which include 
filtration (removal of biomass), extraction (recovery) 
and crystallization (purification). In the industry, butyl 
acetate solvent extraction is one of the prominently 
used techniques.  However, the drawbacks associated 
with solvent extraction are high consumption of 
organic solvent and relatively expensive operational 
cost.
3
 Therefore, it is very critical to explore a new 
alternative method in order to establish a successful 
erythromycin recovery process.  
Interestingly, a growing body of research in liquid-
liquid extraction has emerged with reverse micellar 
extraction, which recently becomes highly favorable 
for obtaining biological products. Central to the entire 
discipline of reverse micelle extraction is the ability of 
biochemicals including amino acids, proteins, 
enzymes, and nucleic acids to solubilize in the micelle 
components, which then could be recovered from such 
solutions without losing its microbial utility.
4
Reverse 
micelles system consists of several components 
including surfactant, co-surfactant, oil, and water. As a 
whole, they make up a group of surfactant molecules 
with the hydrophilic part pointing inwards and dissolve 
in a continuous organic solvent medium.
5
 Reverse 
micelle technique is performed based on two steps: i) a 
target protein is selectively solubilized into the organic 
phase (forward extraction), and ii) the protein is 
subsequently stripped into the aqueous phase 
(backward extraction) by adding fresh aqueous buffer, 
also called stripping solution. However, the issue with 
reverse micelle extraction depends upon the interaction 
of mixed factors that influence the capability of protein 
solubilization. The state and concentration of the target 
protein, pH, the concentration and species of ions, type 
and concentration of surfactant, and the composition of 
reverse micelles are the preliminary factors in reverse 
micelle extraction.
6
 
Reverse micelle is of much interest among researchers 
in protein extraction, owing to its impressive potential 
for continuous operation and scaling up.
7
A recent 
development in this subject has reported that a flexible 
interface could be inaugurated with the addition of 
second surfactant into the ionic surfactant.
8
One of the 
most significant current discussions is a mixed reverse 
micelle surfactant (MRMS), that combines the 
function of ionic and zwitterion surfactants to enhance 
the physicochemical properties of the interface. 
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Another research has appointed that mixed reverse 
micelles possess better synergistic performance.
9
 In the 
present paper, we have attempted the use of mixed 
reverse micelle from ionic AOT and SB3-18 zwitterion 
surfactant to extract erythromycin from the aqueous 
phase, purposefully to evaluate the extraction 
performance by combining two types of surfactant in 
antibiotic extraction.  
Chemicals 
In this research, erythromycin, sodium bis(2-
ethylhexyl) sulfosuccinate (AOT) and 3-(N,N-
Dimethyloctadecylammonio) propane sulfonate (SB3-
18)   were obtained from Sigma Aldrich. Isooctane 
(HPLC grade) and KCl were purchased from Merck, 
Germany. All other chemicals of analytical grade were 
used for the experiments. Deionized water was used to 
prepare all aqueous solutions. 
Methodology 
An aqueous solution was obtained by dissolving 
erythromycin powder (5 g/L) with KCl in deionised 
water. Forward extractions were performed by slowly 
contacting 10 mL of 5g/L erythromycin solution with 
10 mL AOT/SB3-18/iso-octane solution in a beaker at 
room temperature. Solubilization was conducted by 
stirring the mixtures at 400 rpm for 30 minutes and 
was left for phase separation (5 hours) to obtain two 
clear phases. The pH of the aqueous phase was 
adjusted with 0.1 M HCL and 0.1 M NaOH. All 
experiments were carried out at room temperature.  
Analysis 
The concentrations of erythromycin were assayed by 
absorbance at 485 nm using UV-Spectrophotometer 
method (Shimadzu UV-vis). For spectroscopic study, 
5 mL of erythromycin sample was stirred with 5 mL 
27N H2SO4for 30 minutes until the solution has 
changed to orange color. The solution was diluted 
further before analysis.  
Statistical analysis 
The final concentration of erythromycin was 
established from the organic phase and collected. The 
statistical analysis was conducted using 
STATISTICAL software (StatSoft's, data miner) to 
determine the most significant parameter in the process 
through pareto chart.  
Results and Discussion 
The effect of AOT concentration on erythromycin 
solubilization was discussed at first. The individual 
effect of salt concentration and pH of aqueous phase 
was analyzed subsequently.  
 
Effect of the AOT concentration  
The effect of MRMS AOT/SB3-18 concentration on 
erythromycin solubilization in aqueous phase was 
evaluated and shown in Figure 1. When mixed reverse 
micelle system (MRMS) of AOT/SB3-18 was used, 
clear phases were formed and solubilization of 
erythromycin was produced in higher percentage, up to 
98.13%. At 20.0 g/L of AOT concentration, 
erythromycin started to solubilize with 60.90 % 
percentage transferred. Therefore, it can be assumed 
that the critical micelle concentration (CMC) of mixed 
AOT-SB3-18 surfactant is in the range of 0.0–20.0 g/L 
AOT which is lower than CMC of a single AOT 
(40g/L).
10
 Thus, further experiments should be carried 
out to obtain the accurate CMC value.  
 
Figure 1: Final concentration of erythromycin, Eof lies 
in the organic phase at different surfactant 
concentrations. Experimental condition: Initial 
concentration of erythromycin in aqueous phase, Eai, 
5g/L; amount of KCl, 10 g/L; molar ratio AOT:SB3-
18, 10:1; pH, 8.5±0.1; stirring speed, 400 rpm; stirring 
time, 30 minutes; room temperature. 
 
The critical micelle concentration (CMC) is defined as 
the concentration of a surfactant at which micelles start 
to aggregate and form micelles in the solution.
11
When 
different types of surfactants are mixed together, 
frequently, it would display synergism or cooperative 
interactions in their effects on the properties of the 
system.
12
This synergism can be attributed to non-ideal 
mixing effects in the aggregates, which results in CMC 
of mixed micelle solution that are substantially lower 
than a pure component alone.
13
 According 
toNagarajan,
14
 the mixture of ionic and non-ionic 
surfactants will decrease electrostatic interactions and 
larger micelles could be formed than using two pure 
component micelles. Considering the evidence from 
this study, it has been confirmed that reverse micelles 
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extraction is controlled by electrostatic, steric and 
hydrophobic interactions between the bio-molecules 
and micelles.
15
 The reduction of interactions in the 
repulsive head group occurring at the surface resulted 
in larger sized micelles than in either of the pure 
component micelles, hence the CMC value of the 
mixture is also lesser. 
The resulted aqueous solution after the solubilization 
of erythromycin was observed to be a clear 
solutionwith a transparent interface when the 
concentration of AOT varied from 20–140 g/L, thereby 
indicative of the successful solubilization of 
erythromycin in the reverse micelle phase. However, 
increasing the AOT concentration from 80.0–200.0 g/L 
has significantly lowered the percentage of solubilized 
erythromycin from 95.87 % to 41.65 % with a slight 
precipitation observed at the interface of the solution. 
As clarified by Harikrishna et al.,
15
 at high surfactant 
concentration, the extraction yield would become 
lower because of intermicellar collision and hindrance 
to the diffusion of solute by surfactant aggregates. 
Meanwhile, Juang et al.
16
 appointed that the bio-
molecule solubilization will increase in conjunction to 
higher surfactant concentration because of the 
increment in the size of the micelle.  However, larger 
size indicates reduction of steric hindrance of the 
reverse micelles and higher degree of large protein 
molecules transfer, most of which must have been 
protein contaminants. 
The solubilization percentage obtained was in the 
range of 41.65 ̶ 98.13% with the MRMS system. High 
solubility of erythromycin in mixed micelle solution 
shows that MRMS technique has a high potential for 
antibiotic recovery at low surfactant concentration. 
The presence of zwitterion surfactant was predicted to 
weaken the surface charge density at the interfacial 
region hence decreased the inhibitory power of AOT 
on enzyme.
17
 Previous researchers reported that strong 
electrostatic interaction between ionic surfactants polar 
head and protein charges could lead to protein 
unfolding.
18
 Therefore, to weaken the interaction, 
zwitterion surfactant molecule was introduced to 
facilitate the solubilization of erythromycin in the 
organic phase. 
Effect of salt concentration 
The presence of salt is necessary to form stable reverse 
micelles solution. Salt is also important to reduce the 
repulsive forces between two surfactant heads which 
might interfere with the electrostatic interaction 
between surfactant head group and bio-molecules. The 
effect of salt concentration of the aqueous phase in the 
forward extraction process is shown in Figure 2. The 
percentage of erythromycin transferred into micellar 
phase was found to increase with 2.0 ̶ 10.0 g/L of KCl 
concentration. 
According to Zhao et al.,
19
 KCl salt has water– 
structure–forming property and causes lesser 
„screening‟ of solutes, therefore is favorable for 
forward extraction in a reverse micelle. This factor has 
been the reason KCl was chosen for this study. The 
transfer of erythromycin into micellar phase was lesser 
in accord to raised concentration of KCl salt from 
12.0 g/L to 16.0 g/L of which could be explained 
through size exclusion effects. 
 
Figure 2: Final concentration of Erythromycin, Eof lies 
in the organic phase at different KCL concentrations. 
Experimental conditions: Initial concentration of 
Erythromycin in aqueous phase, Eai, 5g/L; 60 g/L 
erythromycin concentration, molar ratio AOT:SB3-18, 
10:1; pH, 8.5±0.1; stirring speed, 400 rpm; stirring 
time, 30 minutes; room temperature. 
As the ionic strength increased, the electric double 
layer adjacent to the hydrophilic head groups became 
thinner which resulted in the reduction of the 
electrostatic repulsion force between the charged head 
groups of the surfactants.
20
 This effect increased the 
tendency of smaller reverse micelle droplets in the 
organic phase (squeezing out effect) and thus the bio-
molecules with larger sizes were excluded.
20
 This 
phenomenon is also known as the size exclusion effect. 
Effect of the aqueous p
H
  
Figure 3 shows the effect of pH on erythromycin 
extraction from aqueous solution. The pH of the 
solution was adjusted with 1M HCL & NaOH. The 
selected p
H
 region for this work was 4 ̶ 9. The highest 
percentage 98.13% of erythromycin extraction was 
achieved at approximately pH 8.5, in general. The 
explanation to this result can be supported with Loh et 
al.
21
 and Kawasaki et al.
22
The erythromycin charge 
becomes positive as the pH decreased slightly below 
the isoelectric point (pI), 9.5
22
and negative above pI. 
Mohd-Setapar et al.
23
stated that an attractive 
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electrostatic interaction between the bio-molecules and 
the surfactant head groups will only occur when the 
overall charge of the bio-molecules is opposite that of 
the charge of the surfactant head groups. 
Figure 3: Final concentration of Erythromycin, Eof at 
different pH of aqueous phase. Experimental 
conditions: Initial concentration of Erythromycin in 
aqueous phase, Eai, 5g/L; 60 g/L erythromycin 
concentration, molar ratio AOT: SB3-18, 10:1; stirring 
speed, 400 rpm; stirring time, 30 minutes; room 
temperature. 
 
Tonova and Lazarova
24
 clarified, solubilization in the 
forward extraction was governed by the electrostatic 
interaction between charged protein molecules and 
charged head group of reverse micelle formed by the 
surfactant. However, several studies reported that the 
strong electrostatic and hydrophobic interactions 
between bio-molecules and ionic surfactant gave 
negative impact to bio-molecules itself and lowered 
the extraction yield.
25
 A strong electrostatic interaction 
between the head group of surfactant and bio-
molecules will cause a change on the structure of bio-
molecules and formation of aggregates during the 
extraction process.
17
 
Effect of zwitterion concentration 
Conventionally, AOT is used as a surfactant in reverse 
micelle extraction. Many reports are often focused on 
single surfactant rather than the combination of 
multiple surfactants. The addition of a second 
surfactant into the ionic surfactant in the organic phase 
will totally alter the behavior of interfacial region 
between the organic and aqueous phase. Figure 4 
demonstrates the effect of SB3-18 concentration on the 
final concentration of erythromycin.  
It clearly shows that small addition of SB3-18 
surfactant into the solution was able to boost up the 
solubilization of erythromycin in aqueous phase. It was 
found that adding 5 g/L of SB3-18 into the mixture has 
increased the solubilization of erythromycin from 
59 % to 98 %. This result is consistent with the finding 
by Yamada et al.
26
which used TWEEN 85 as a second 
surfactant and suggested that increasing the 
concentration of TWEEN 85 above 2 mmol/dm
3
 ~ 
0.86 g/L under a constant AOT concentration of 
50 mmol/dm
3
~22.23 g/L will eventually increase the 
average micellar diameter. Addition of TWEN 85 
lowered the surface charge density of reverse micelle 
and reduced electrostatic and hydrophobic interactions 
between the AOT head group and the target molecule 
at the micellar interface. 
 
 
Figure 4: Final concentration of Erythromycin, Eof at 
different SB3-18 concentration. Experimental 
conditions: Initial concentration of Erythromycin in 
aqueous phase, Eai, 5g/L; 60 g/L erythromycin 
concentration; pH, 8.5±0.1, stirring speed, 400 rpm; 
stirring time, 30 minutes; room temperature. 
Pareto chart 
A Pareto chart in Figure 6can be utilized to graphically 
summarize and display the significant effect of each 
independent variables on the solubilization of 
erythromycin in mixed AOT:SB3-18 reverse micelle. 
The chart demonstrates each estimated effects in 
descending order of magnitude. The vertical line in the 
Pareto chart indicates the magnitude of statistical 
significance of each effect. Any bar that extends 
beyond the line corresponds to any effect that is 
statistically significant, at 95.0% confidence level.  
The result shows that AOT concentration and 
Zwitterion concentration provided the most dominant 
effect on the solubilization of erythromycin from 
aqueous to organic phase by a factor of 4.562. 
As stated by Soni et al.
27
the surfactant concentration is 
already identified to affect the reverse micellar size. 
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By increasing surfactant concentration, reverse micelle 
size is increased.
28
 Therefore, more biomolecules are 
able to solubilize in the polar core or reverse micelle. 
The contributing factors, in a descending order are 
zwitterion concentration > AOT concentration > 
Aqueous pH > NaCl Concentration.
 
 
Figure 6: Pareto chart indicating the significance level 
for each parameters for response.  
Conclusion 
Experiments on the solubilization of erythromycin into 
mixed reverse micelles of AOT and SB3-18 have been 
carried out. Forward extraction was performed with 
MRMS and satisfactorily resulted in good 
solubilization of erythromycin with regards to 
percentage of erythromycin transferred. The results 
remark that surfactant concentration is the important 
parameter affecting the solubilization of erythromycin 
into mixed reverse micelle phase. It was found that 
extracting erythromycin using AOT reverse micelle 
system will not occur without sufficient AOT and 
SB3-18 concentration. In this study, 20.00 g/L was the 
minimum amount of AOT required. The maximum 
erythromycin transferred (98.13%) was obtained at 
60.0 g/L AOT concentration. Solubilization of 
erythromycin was found to be higher at pH 8.5, salt 
concentration 10 g/L and 5 g/L of SB3-18. The 
solubilization of erythromycin was found to be in the 
order of zwitterion concentration > AOT concentration 
> Aqueous pH > NaCl Concentration. The present 
findings proved that erythromycin can be successfully 
solubilized in MRMS, thereby remarks a wider 
relevance for the subsequent step of backward 
extraction (recovery process). 
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